Introduction
============

Time perception is fundamental to behaviors that are essential for survival and adaptation, such as conditioning reflexes ([@B17]), speech recognition ([@B38]), and motor control ([@B5]). Maintaining temporal accuracy and precision is even more important under conditions of stress ([@B22]). However, time perception seems vulnerable to stress ([@B32]; [@B15]). Anecdotally, for individuals under chronic stress, time may feel either slow and "dragging" or fast and "in a rush." The relationship between chronic stress and time perception, however, has scarcely been studied.

Subjective duration and temporal sensitivity are two key indicators of different aspects of time perception ([@B32]; [@B21]). Subjective duration refers to one's perceived duration of a stimulus. Temporal sensitivity refers to one's ability to discriminate different stimuli durations. The temporal-bisection task is one of the most commonly used time perception tasks, and it can measure both subjective duration and temporal sensitivity ([@B1]; [@B48]; for reviews, see [@B23]; [@B49]). The index of subjective duration in a temporal-bisection task is the bisection point (BP), which indicates the interval perceived to be equidistant to two anchors, with lower BPs indicating longer subjective durations ([@B15], [@B14]). The index of temporal sensitivity in a temporal-bisection task is the Weber ratio (WR), with higher WR values indicating lower temporal sensitivity in discriminating different durations ([@B23]; [@B49]).

Cognitive models of time perception assume that time perception is based on three processing stages: the clock stage, memory stage, and decision stage ([@B8]; [@B53]; [@B20]; [@B23]). In the clock stage, attention and arousal are two important mechanisms for the initial encoding of time ([@B53]). In the memory stage, the representations of durations are stored in working memory and/or long-term memory, and so unimpaired working memory and long-term memory are necessary for accurate and precise time perception ([@B50]; [@B39]; [@B41]). In the decision stage, responses are made according to some decision rule ([@B48]).

Under stressful conditions, individuals usually show increased arousal ([@B31]). Ample evidence has suggested that stress affects the cognitive components supporting time perception, such as attention ([@B6]; [@B28]), working memory ([@B35]; [@B12]), and long-term memory ([@B7]; [@B29]; [@B12]). Furthermore, brain regions, including prefrontal cortex and hippocampus, which are involved in time perception ([@B26], [@B27]; [@B33]), are also sensitive to the effects of stress hormones ([@B31]; [@B45]). For example, the dorsolateral prefrontal cortex is involved in the timing of long intervals ([@B27]), and the functioning of this region is affected by acute stress ([@B40]). Thus, altered time perception under stress is probable.

Changes in time perception have been reported under acute stress. Previous studies found subjective durations to be longer under acute stress, which was interpreted as due to increased arousal ([@B32]; [@B47]; [@B15]; [@B44]). Temporal sensitivity also changes under acute stress, with the particular direction associated with the nature of the acute stressors used in different studies ([@B47]; [@B15]; [@B44]). For example, the temporal sensitivity was decreased under psychological stress ([@B47]), but increased or unchanged under physiological stress, such as an extremely hot environment ([@B44]) or loud white-noise stress ([@B15]).

In contrast with acute stress, chronic stress is more frequently related to cognitive and behavioral problems as well as maladaptive changes in brain structures ([@B42]; [@B31]). Acute stress and chronic stress are distinguished by the duration of the stressors, with acute stress lasting from minutes to hours and chronic stress usually lasting 30 days or more ([@B43]). Cognitive processes supporting time perception, such as attention ([@B6]; [@B28]), working memory ([@B35]; [@B12]), and long-term memory ([@B7]; [@B29]; [@B12]), have been shown to be impaired in chronically stressed individuals. Furthermore, prefrontal neuronal structures and hippocampus, which underlie time perception ([@B26], [@B27]; [@B33]), can atrophy under chronic stress (for a review, see [@B31]). The results from animal studies have shown decreased temporal sensitivities but unchanged subjective durations in rats that experienced chronic foot-shock stress ([@B32]). Clinical research has found that patients with disorders associated with chronic stress show prolonged subjective durations ([@B4]; [@B51]) or less precise time estimation ([@B24]). Little is known about the relationship between chronic stress and time perception in healthy individuals.

The current study investigated the relationship between chronic stress and time perception in healthy adult men. Cohen's Perceived Stress Scale ([@B11]) was used to measure chronic stress levels, and time perception was assessed using a temporal-bisection task ([@B15], [@B14]). We hypothesized that chronic stress would be associated with changes in time perception, which would be demonstrated by decreased temporal sensitivity and/or altered subjective durations.

Materials and Methods
=====================

Participants
------------

Sixty-two male students, aged 18--24 years (mean = 21.24, SD = 1.31), were recruited from universities in Beijing by advertising online. Only male students were included to prevent the confounding influence of sex on stress effects ([@B30]; [@B2]). Due to their potential influence on stress responses, the following exclusion criteria were also employed: (1) the chronic use of any psychiatric, neurological, or endocrine medicine; (2) any major chronic physiological disease; (3) any history of psychiatric or neurological disorders; and (4) chronic overnight work or irregular circadian rhythm. All participants were right handed by self-report. All participants gave written informed consent and were paid for their participation. This experiment was approved by the Ethics Committee of Human Experimentation in the Institute of Psychology, Chinese Academy of Sciences.

Chronic Stress Measure
----------------------

Chronic stress was assessed with the Chinese version of the 10-item Perceived Stress Scale (PSS-10; [@B11]; [@B46]), which has achieved excellent internal consistency and test--retest reliability ([@B46]). For the internal consistency reliability in the present data set, Cronbach's alpha of the PSS-10 was 0.62 for the whole scale. The PSS measures how often participants felt that life was overwhelming, uncontrollable, and unpredictable over the last month ([@B10]), and it has been widely used to measure chronic stress in clinical and research settings ([@B19]; [@B28]; [@B46]; [@B3]; [@B29]). Scale responses range from 0 (*never*) to 4 (*very often*), with higher scores indicating higher levels of chronic stress.

Stimuli and the Temporal-bisection Task
---------------------------------------

The settings and procedure of the temporal-bisection task were similar to that of previous studies ([@B15], [@B14]). The stimulus for timing was always a blue circle (2.5 cm in diameter) presented in the center of the computer screen with a viewing angle of approximately 2° (participants' viewing distance from the monitor was approximately 70 cm). The short (S) and long (L) anchor durations were 400 and 1600 ms, respectively. The probe durations were 400, 600, 800, 1000, 1200, 1400, and 1600 ms.

In the temporal bisection task, participants were first presented with S and L anchors once in a random order. Then, they completed eight blocks of seven trials (one trial for each probe duration). The probe durations were presented randomly within each block. For each trial, the word "ready" was first presented for 500 ms, immediately followed by a 200-ms interval and then the stimulus (the blue circle) for timing. Participants were required to judge whether the probe duration was more similar to the S anchor or the L anchor by pressing the corresponding key with the index fingers of their right or left hand. The inter-trial interval was randomized between 500 and 1500 ms in duration. All participants were instructed not to count time, as the counting of time would affect temporal performance ([@B9]).

Data Analyses
-------------

For the behavioral performance of time perception, we first computed P(long), the proportion of "long" responses for each probe duration. For example, if 25% of the 600-ms probes were judged to be long, the P(long) for the 600-ms probe would be 25%. The logistic function, *P*(*long*) = 1/\[1 + *exp*(*a* × *Duration* + *b*)\], was then fitted to individual-participant data, in which *Duration* stood for probe duration, and *a* and *b* were free parameters. Two indices of time perception, the BP and the WR, were derived from the parameters of this logistic function ([@B15]). BP was defined as the probe duration that gave rise to 50% "long" responses, i.e., *BP* = *Duration*(*P*(*long*) = 50%) = --*a*/*b* ([@B32]). The BP indicates the subjective duration, i.e., a lower BP suggests a longer subjective duration. In order to calculate the WR, the probe durations that gave rise to 25 and 75% "long" responses, \[*Duration*(*P*(*long*) = 25%)\] and \[*Duration*(*P*(*long*) = 75%)\], were first obtained. The WR was calculated by the following expression, *WR* = \[*Duration*(*P*(*long*) = 75%) -- *Duration*(*P*(*long*) = 25%)\]/(2 × *BP*) = {\[ln(1/3) -- *b*\]/*a* -- \[ln(3) -- *b*\]/*a*}/(2 × --*a*/*b*) ([@B32]). The WR indicates temporal sensitivity, i.e., a lower WR value indicates a higher temporal sensitivity.

For the relationship between chronic stress and time perception, Pearson correlations were calculated between PSS scores and temporal behaviors, including BP and WR. Reported *p*-values are two-tailed.

Results
=======

The mean value of PSS scores for all participants was 15.5 ( ± 3.4), which was similar to previous studies in healthy young populations ([@B11]). Figure [1](#F1){ref-type="fig"} shows averaged P(long) across all participants plotted against probe durations. A one-way ANOVA of P(long) showed a significant main effect of duration indicating that P(long) increased as probe duration increased, *F*(6,360) = 481.8, *p* \< 0.001, partial η^2^ = 0.888. For subjective durations, the mean value of BP was 941 ( ± 150) ms. For temporal sensitivity, the mean value of WR was 0.14 ( ± 0.06).

![**Mean proportion of "long" responses, P(long), plotted against probe durations for the temporal bisection task.** Error bars indicate SEM.](fpsyg-06-01010-g0001){#F1}

For the relationship between chronic stress and time perception, the Pearson correlation between PSS scores and BP was not significant (*r* = --0.115, *p* = 0.374). However, the positive correlation between PSS and WR was significant, *r* = 0.327, *n* = 62, *p* \< 0.01 (Figure [2](#F2){ref-type="fig"}).

![**Correlation of PSS scores and Weber ratio (*n* = 62).** PSS stands for Perceived Stress Scale. \*\**p* \< 0.01.](fpsyg-06-01010-g0002){#F2}

Discussion
==========

The current study investigated the relationship between chronic stress and time perception in healthy adult males. PSS scores were positively correlated with the WR, indicating that higher levels of chronic stress were associated with reduced temporal sensitivity. However, PSS scores were not correlated with subjective duration indexed by the BP.

The positive correlation between PSS scores and WR suggested that higher chronic-stress levels were associated with lower temporal sensitivity. This finding is consistent with previous animal studies of chronic stress that found decreased temporal sensitivity in rats exposed to chronic foot-shock stress ([@B32]). Furthermore, clinical studies have found that patients with posttraumatic disorder exhibited less precise time estimation compared to controls ([@B24]). The present study extends these previous findings by showing a negative association between temporal sensitivity and chronic stress in healthy adults.

Ample evidence suggests that chronic stress is associated with deficits in attention ([@B6]; [@B28]; [@B52]), working memory ([@B35]; [@B12]), and long-term memory ([@B29]; [@B12]), as well as atrophy and dysfunctional changes in corresponding brain regions, such as the prefrontal cortex and hippocampus ([@B31]; [@B45]). These neural functions are critical to the cognitive mechanisms underlying temporal sensitivity ([@B8]; [@B50]; [@B53]; [@B20]; [@B54]; [@B16]), and their impairment under chronic stress may explain the negative correlation between chronic stress and temporal sensitivity.

In addition, neurochemical studies have found suppressed dopaminergic transmission in the brain under chronic stress ([@B18]; [@B36]; [@B25]). While dopamine-mediated mechanisms have been consistently implicated in temporal perception ([@B32], [@B34]; [@B13]; [@B37]), studies have found that dopaminergic antagonists reduced temporal sensitivity (for a review see, [@B13]). Thus, reduction in dopaminergic transmission under chronic stress might contribute to the poorer temporal sensitivity of the individuals who were experiencing higher chronic stress.

Subjective duration as indexed by BP values did not correlate with PSS scores. This result is also consistent with studies of animal models ([@B32]), suggesting that subjective durations can remain unchanged despite stress-related decreases in temporal sensitivity. The judgments of probe durations in temporal-bisection tasks are made by comparing probe durations with one's representations of anchor durations ([@B49]). It might be the case that participants with different chronic-stress levels have different internal clock speeds, but that these differences similarly influence representations of both the anchor and probe durations.

There are a number of limitations to our study. First, since we did not and cannot manipulate chronic stress in participants, it is impossible to make causal inferences in the current study. Intuitively, however, it seems more likely that chronic stress impaired temporal sensitivity, probably via neural mechanisms similar to those underlying the association between chronic stress and impaired cognition. Second, only male adults participated in the present study. Whether the current finding can be generalized to female populations is still unclear. Third, the range of durations in the current temporal-bisection task was 400 to 1600 ms, and thus the results of the present study may not generalize to the perception of all time durations. Indeed, different mechanisms have been proposed for the processing of temporal information of different durations ([@B27]). Fourth, no index of attentional ability, working memory, or long-term memory was included in the present study. It has not yet been determined which mechanism or mechanisms play a role in the association between chronic stress and time perception.

In summary, the present study found that higher chronic stress was associated with lower temporal sensitivity, while there was no such result for subjective duration. This replicates previous findings in animal models and provides evidence for the link between chronic stress and time perception in healthy human populations.
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